INTRODUCTION {#s1}
============

The neck, which connects the head and the trunk, not only supports the head, but is also involved in a variety of functions, such as balance and movements related to vision[@r1]^)^. Neck movement disorders change the motor output of the entire body, primarily the trunk; therefore, for physical therapists, the neck is the most important joint to consider in therapeutic strategies, and understanding its normal function is of utmost importance[@r2]^)^. Many studies have examined human neck/trunk movement from a biomechanical standpoint. However, due to technical limitations, few studies have examined systems in the central nervous system that regulate neck/trunk movement; findings in these studies have been limited to identification of the approximate location of the neck area in the motor cortex[@r3],[@r4],[@r5],[@r6]^)^. Therefore, to understand the systems that regulate neck/trunk movement, we must rely on basic experiments using animals.

Previous basic studies have found that the cerebrum and brainstem are involved in regulation of neck/trunk movement, which is affected by the regulation of various descending tracts originating from the cerebrum and brainstem[@r7], [@r8]^)^. However, the data cited earlier was obtained from cats; there is little such data related to rodents, which are widely used in basic studies today[@r7]^)^. Therefore, in the present study, we electrically stimulated the primary motor cortex, which is considered to play a significant role in voluntary neck/trunk movement in rats. By doing so, we aimed to determine the locations of the neck and trunk areas, elucidate their electrophysiological properties, and obtain data that will serve as a foundation for research which uses animal models of disease.

SUBJECTS AND METHODS {#s2}
====================

The present experiment used eight male Wistar rats (aged 13−16 weeks, weighing 241−298 grams). The motor cortex was mapped using intracortical microstimulation (ICMS, [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Schematic diagram for intracortical microstimulation in the motor cortex.Intracortical microstimulation (ICMS) of the motor cortex evokes somatic movement. In this case, it evoked movement in the forelimb, but not in the hindlimb. Based on such observations, we could identify the stimulation sites as forelimb area, i.e., the pyramidal cell of the stimulated site connects the cervical spinal cord and drives the spinal motoneurons innervating the forelimb muscles. By repeating this operation, a map of the entire motor cortex can be prepared.), a previously established method[@r9]^)^. In brief, we maintained mixed anesthesia using ketamine hydrochloride (70 mg/kg, ip) and xylazine (5 mg/kg, ip), with additional injections of ketamine (20 mg/kg, ip) and acepromazine (0.02 mg/kg, ip) as necessary. Next, the rats' heads were fixed with a head fixation device, and their body temperatures were maintained at 37 °C using a temperature management system. The right skull was removed to expose the right sensorimotor cortex; 40-kΩ tungsten microelectrodes (Unique Medical, Tokyo, Japan) were implanted every 500 μm from the surface of the cerebellum to a depth of 1,800 μm, which approximately corresponds to layers V and VI of the cortex; and an SEN-7130 stimulator (Nihon Kohden, Tokyo, Japan) and SS-04 J isolator (Nihon Kohden) were used to provide stimulation with 333-Hz, 300-μs square pulses for 30 ms. The stimulation current was gradually increased to an intensity at which body movement could be identified by sight and touch. The minimum stimulation current at which any body movement was induced, was defined as the threshold. If no body movement was induced despite an increase in stimulation current to 50 μA, the area in question was considered unresponsive. A total of 112 sites were mapped; responsive areas were converted to a value of 0.25 mm^2^ to determine the distribution and total area representing each part of the body. The present study was conducted with the approval of the Health Science University Institutional Animal Care and Use Committee (18-2). Data are presented as mean ± standard deviation. Differences in measurements were assessed using the Mann-Whitney U test.

RESULTS {#s3}
=======

The neck area was located rostral to the bregma such that it divided the rostral forelimb and caudal forelimb areas and expanded laterally from there ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Typical representations of various body parts in the motor cortex.The figure shows typical representations of various body parts in the motor cortex (Rat. No. 3). The location of the neck area in the murine primary motor cortex divides the rostral forelimb and caudal forelimb areas. The whisker area is medially adjacent, while the jaw area is laterally adjacent. The trunk area is located in the most caudal part of the motor cortex. The hindlimb area is rostrally adjacent, while the whisker area is laterally adjacent.). The neck area was significantly larger than the trunk area ([Table 1](#tbl_001){ref-type="table"}Table 1.Average areas and thresholds of the neck area and trunk areaAverage area (mm^2^)Average threshold (μA)Neck area1.8 ± 0.318.4 ± 3.2Trunk area0.9 ± 0.240.0 ± 3.6p value0.00050.0002, p=0.0005). In all rats, the neck region was 2−4 mm lateral to and 0.5−2.5 mm rostral to the bregma. The threshold of the neck area was \<10 μA in the area between the rostral and caudal forelimb areas but was ≥10 μA outside that area ([Fig. 2](#fig_002){ref-type="fig"}; [Fig. 3A, F](#fig_003){ref-type="fig"}Fig. 3.Body movements induced by stimulation of the neck and trunk areas with a current greater than the threshold.The figure shows body movements that occur when the neck and trunk areas in the motor cortex are stimulated with a current greater than the threshold and less than 50 μA, as well as the stimulation currents applied. Stimulation greater than the threshold induced movement in other parts of the body only when applied to the neck region. A: Representations of various body parts in the motor cortex (Rat No. 6) and their thresholds (F). B: Sites in the neck and trunk areas at which stimulation induced forelimb movements, and the stimulation currents at which these movements occurred (G). C: Sites at which jaw movements were induced, and the stimulation currents at which these movements occurred (H). D: Sites at which whisker movements were induced, and the stimulation currents at which these movements occurred (I). E: Sites at which trunk movements were induced, and the stimulation currents at which these movements occurred (J).). When the neck area was stimulated with a current between the threshold and 50 μA, movement occurred in the adjacent motor areas; specifically, those for the whiskers, forelimbs, and jaw. In the part of the neck area with a low threshold, movement was induced in the trunk, despite the trunk area not being adjacent to the neck area ([Fig. 3F--J](#fig_003){ref-type="fig"}).

The trunk area was 2.5−4 mm lateral to and 2.0−4.0 mm caudal to the bregma ([Fig. 2](#fig_002){ref-type="fig"}, [Fig. 3A](#fig_003){ref-type="fig"}). The threshold for the trunk area was generally higher than that for the neck area, even reaching as high as 40−50 μA ([Fig. 3F](#fig_003){ref-type="fig"}, [Table 1](#tbl_001){ref-type="table"}, p=0.0002). Unlike with the neck area, stimulation of the trunk area greater than the threshold did not induce movement anywhere else in the body ([Fig. 3F--J](#fig_003){ref-type="fig"}).

DISCUSSION {#s4}
==========

The results of the present study showed that in most cases, the neck area in the motor cortex divided the rostral and caudal forelimb areas and expanded laterally from there, and the trunk area was located caudal to the hindlimb area. In the human motor area, somatic representation extended in the medio-lateral directions of the motor cortex, while the rat motor area extended in the anterior-posterior direction. These results were consistent with those of the previous study[@r8]^)^. In contrast, electrophysiological characteristics of neck and trunk area, except for their location, were unclear[@r8]^)^. In this study, however, we indicated such electrophysiological characteristics of both areas for the first time. The threshold for the neck area was the lowest between the rostral and caudal forelimb areas but was high in the surrounding area. Stimulation of the neck area with a current greater than the threshold but less than 50 μA induced movement in body parts represented by the adjacent areas. Although it is conceivable that stimulation current leaked into the adjacent areas, it is unlikely that this phenomenon would occur with a maximum current of 50 μA[@r10]^)^. We also considered the effect of anesthetic depths because it is known that the difference in the anesthetic depths affects the electric thresholds and representations of the neck motor area[@r11]^)^, although the individual differences in electric thresholds and representations of neck motor area was small. Thus, it was unlikely that, at least, the differences in the depth of anesthesia between individuals contributed to the evoke movement in other body parts. Therefore, it is thought that the neck area contains not only corticospinal tract cells that regulate neck movement, but also a considerable number of those corticospinal tract cells that control the adjacent areas. In addition, stimulation of low-threshold sectors of the neck area resulted in movement of not only body parts represented by adjacent areas, but also of the trunk. However, the trunk area is located more than 3 mm caudal to the neck area and is not adjacent to the trunk area in the primary motor cortex; therefore, it is unlikely that neck-regulating and trunk-regulating corticospinal tract cells would have coexisted in the same stimulation site. The most conceivable explanations are the following: there are intracortical fiber pathways from the low-threshold neck area to the trunk area; or a descending tract originating from the neck area excites motor neurons that control the trunk in the lower brain, such as in the brain stem or the spinal cord. However, we cannot prove any of the above possible explanations from the results of the present study.

We learnt the following characteristics of the trunk area: it is located caudal to the hindlimb area, it has a higher threshold than the neck area, and stimulation above the threshold induces almost no movement in any body parts represented by the adjacent areas. This last finding clearly distinguishes the trunk area from the neck area, as stimulation of the neck area greater than its threshold induces movement in other parts of the body. These results suggest that the trunk area has less effect on movement of other parts of the body than does the neck area. It is unknown how these characteristics affect the close, complex interaction between neck and trunk activity[@r12]^)^.

In conclusion, the present study demonstrated that in the murine motor cortex, the neck area is located rostrally, while the trunk area is located caudally. We also learnt that the neck and trunk area differ in the following regard: stimulation of the neck area above its threshold induces movement in other parts of the body, primarily in parts represented by adjacent areas; whereas this effect is not observed with the trunk area. Considering the clinical aspect, it is well known that alterations in the representation of motor cortex are induced by not only brain damage but also peripheral nerve injury and diabetes[@r9], [@r13]^)^. Therefore, the relationship between the neck and trunk motor area and movement disorders using disease model animals must be investigated in future studies.
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